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Summary
Th e object of the sieving process is to separate a mixture of a granulated material 
into fractions. Each fraction contains particles of similar dimensions.
Th e primary object of this research was to determine how the change of sieving 
amplitude aff ects the particle size distribution and defi nition of optimal fraction 
for processing of direct expanded extrudates based on corn fl our. Sieving analysis 
was done by ”Analisette 3“ shaker, model Pro sieve opening sizes were 355, 315, 
250, 200, 160, 125, 100 and 63 μm. Sieving of each sample was done by three 
diff erent amplitudes: 1.5, 2.0 and 2.5 mm. 
Results are presented as histograms. It is shown that higher amplitude causes 
better results in particle size distribution, because it allows breaking of the 
agglomerates that leads to fractions applicable for extrusion processing.
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Introduction
Th e object of the sieving process is to separate mixture of 
a granulated material into fractions. Each fraction contains 
particles of similar dimension. Sieving analysis is done by 
measuring the amount of each fraction and it is mostly used 
when a particular fraction of sample is required for further 
research or exploitation in industry. Various graphic meth-
ods have been developed for the most precise presentation of 
results of the sieving and can be presented graphically as bar 
charts, histograms and curves. Cumulative curves are accu-
rate because it is possible to plot many sample curves within 
same graph. Signifi cant percentages of coarse and fi ne end-
members show up as horizontal limbs at the end of the curve.
In food industries most of solid materials are used in 
granulated form. Depending on being a half-product or fi nal 
product, standards demand that particles should have certain 
properties and dimensions, so that other operations such as 
mixing, dosage, transport or diff erent chemical reactions are 
facilitated. Data obtained by sieving analysis, allow calcula-
tion of medium particle size, which is very important when 
packing, warehouses or plants are dimensioned. For sticky 
materials widely used method for particle size distribution is 
laser particle sizing (Herceg et al., 2004a). Th is method is ac-
curate, fast and demand small mass of the sample. Both wet 
and dry analysis could be performed. It only depends on the 
nature of the sample for which analisys is required. Th is is 
strictly analitical tool. It gives complete results and curves 
that depend only on how the soft ware of the device is set up 
(Herceg et al., 2004b).
Corn fl our is largely used not only in baking industry, but 
also in production of extruded products such as (for instance) 
snack products (Brnčić et al., 2006). Corn products are very 
important because they have very high caloric value (Kent 
and Evers, 1994). Also, the quality of corn bred is improved 
by using extruded fl our, which decreases crumbling and re-
moves undesirable “sweet” taste. For some products during 
extrusion processing corn fl our could be enriched with vari-
ous protein concentrates (Brnčić et al., 2008). As a result of 
the fact that extrusion of corn fl our in practical use cannot 
be left  out, one of the samples in this research is extruded.
Th e primary object of this research was to determine in-
fl uence of sieving parameters on particle size distribution in 
the samples of corn fl our. Th erefore, the goal is to determine 
if, and in which way the change of sieving amplitude aff ected 
the results achieved of sieving analysis. Also, the uniformity 
of size in fractions was monitored due to sieving amplitude.
Particle size distribution is one of the most important 
properties of granulated materials, and it is the most impor-
tant criteria in the usage of fl our (Sahai et al.,2001). Powder 
materials are usually raw materials for the extrusion proc-
ess, and it is obligated to know exact characteristics of those 
materials, fi rst of all particle size distribution and their phys-
ical characteristics (Bauman and Futač, 1992). Useful siev-
ing area can be increased either by vibration of the sieves, 
increasing of the sieving amplitude or by addition of ultra-
sound ring. Using those procedures, the agglomerates made 
by high humidity are broken down (Stanišić, 1973). Particle 
size aff ects extrusion process because starch in bigger parti-
cles is less damaged, while in medium and small particles it 
is more mechanically damaged, fragmented and gelatinised, 
which leads to decreasing of solubility of starch (Garber et 
al., 1997; Gomez et al., 1991; Tripalo and Martinek, 1992). 
Th erefore, extrusion parameters, compound of raw material, 
particle size distribution and additives are very important for 
the quality of fi nal product (Gujral et al., 2001; Arambula-
Villa et al., 2001; Popadić et al., 1992; Brnčić et al., 2000). 
Particles of higher dimensions give harder extruded prod-
ucts (Desrumaux et al., 1998).
Materials and methods
Th e samples of the fl our were purchased at local market 
and they were marked as sample CF-A, CF-B, CF-C and ex-
truded corn fl our marked as CF-E. Th e sieving analysis of the 
following samples was conducted as follows:
First three samples were originally packed by manufac-
turer, and the last sample was extruded before the analysis 
than dried and milled. Sieving was carried out with the fol-
lowing mesh diameters: 355, 315, 250, 200, 160, 125, 100 and 
63 μm, with this order looking from the top of the device. 
Each sample weighed exactly 100 g, and was sieved by three 
diff erent amplitudes: 1.5 mm, 2.0 mm, and 2.5 mm in time 
interval of fi ve seconds and time duration of 15 minutes.
Device for sieving in this work was sieving shaker 
“Analisette 3” model Pro, produced by “Fritsch”, GMBH, 
Germany. It is vertical oscillating system for precise separa-
tion and classifi cation of particle size, mainly used for fi ne 
powders and fl ours. Th e mass of the sample left  on each sieve 
was measured by “METLER” balance with scale 0-1200 g.
Sieving in practical use is very complicated. Sieves are 
very fragile and unless the handling is carried out with ex-
treme caution, sieve meshes can be damaged (Orr et al., 1979). 
Since the corn fl our is sticky aft er each experiment sieves were 
cleaned in ultrasonic cleaner “Laborette 17” Th e mechanism 
of ultrasonic cleaning consists of creating cavitations within 
liquid medium. Frequency of 50 Hz of nominal electricity is 
converted in 24 kHz of ultrasound creating enormous me-
chanical eff ect which breaks down agglomerates remaining 
on the sieves. Ceramic oscillator makes vibrations of high 
energy and causes cavitation eff ect through the liquid in bath. 
Change of the pressure caused by cavitation, releases hard 
dirt in most inaccessible places. Th is method of cleaning is 
widely used in various sciences and industries.
Results and discussion
Results are presented as a step-like histogram chart (Hraste, 
1992; Svarovsky, 1990) for each sample, for all three ampli-
tudes. For better comparison of the results each fi gure (1-4) 
contains three step-like frequency distribution charts. In 
Figure 1 chart of the results for the sample CF-A is presented.
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It can be seen that “inverse point“ at all three ampli-
tudes is on the 250 μm. Th e shape of the histogram is diff er-
ent. Irregularity in the histogram can be seen as the “second 
peak” on 125 μm, at the amplitude 1.5 and 2.0 mm, while at 
the amplitude 2.5 mm that peak is lost and the histogram 
gets regular shape. Higher amplitude allows better fall down 
of the particles through meshes, and better braking down of 
the agglomerates. Th e mass of fl our left  on the 160 μm sieve, 
is signifi cantly bigger at the amplitude 2.5 mm (13.6g), than 
at the amplitude 1.5 mm (7.7g) and at 2.0 mm (9.1g). 
Diff erential sieving analysis of the sample CF-B is shown 
in Figure 2. Inverse point is again on the 250 μm at all three 
amplitudes. On the 160 μm sieve at the amplitude 1.5 mm 
was left  signifi cantly less fl our (6.2g) than at the amplitude 
2.0 mm (15.4g) and 2.5mm (16.4g). Certain signifi cance can 
also be seen at 200 μm sieve between amplitudes 1.5 and 2.0 
mm, at 355 μm sieve between amplitudes 1.5mm and 2.5 mm, 
and at 250 μm sieve between amplitudes 2.0 and 2.5 mm.
Diff erential sieving analysis of sample CF-C is shown in 
Figure 3. Inverse point is again on 250 μm for all three am-
plitudes. Irregularity in histogram can be seen at 160 μm 
(amplitudes 1.5 and 2.0 mm) and 125 μm (amplitude 2.5 
mm). Signifi cance occurs at 160 μm sieve, 200 μm sieve and 
315 μm sieve.
By comparing samples CF-C and CF-E it can be seen that 
inverse point was at 250 μm sieve for both samples, but the 
mass of sample CF-E is signifi cantly smaller on that sieve. At 
the same time the mass of the sample on the other sieves was 
signifi cantly bigger, which leads to the fact that the histogram 
has mild inclination, and the change is not so expressed. Th is 
Figure 3. 
Step -like frequency distribution curve for 
sample CF-C
Figure 1. 
Step-like frequency distribution curve for 
sample CF-A
Figure 4. 
Step-like frequency distribution curve for 
sample CF-E
Figure 2. 
Step-like frequency distribution curve for 
sample CF-B
Agric. conspec. sci. Vol. 74 (2009) No. 3
252 Valentina OBRADOVIĆ, Mladen BRNČIĆ, Damir JEŽEK
change caused extrusion process, because it enables water 
expansion from particles. For good extrusion processing, 
especially if some proteins are to be added because of the en-
richment of fi nal product, more research is necessary. Reason 
is in very small diameter of protein concentrate that should be 
incorporated within corn fl our extrudate during processing.
Conclusion
Graphical demonstration of the results indicates even dis-
tribution of particles that occurs in shape of histograms as 
expected, while the inverse point for all samples was at 250 
μm. In all samples dominate particles smaller than medium 
diameter and change of amplitude signifi cantly aff ects par-
ticle size distribution. Higher amplitude causes better fall 
down of particles. For more accurate results of particle size 
distribution more sieves between 250 and 125 μm should be 
used, because those sieves indicate the biggest signifi cance 
level of amplitude infl uence, and also in further usage of that 
kind of prepared fl our. Diff erences in particle size distribu-
tion among diff erent samples are the result of their distinc-
tive features, and not the result of amplitude.
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